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OPTICAL DEVICE 

This application is a Continuation-In-Part 
of, and claims priority to, application Serial Nos. 
09/789,124, filed February 20, 2001 and entitled 
5 OPTICAL DEVICE, application Serial No. 09/789,125, 
filed February 20, 2001 and entitled "OPTICAL MODULE", 
application Serial No. 09/789,185, filed February 20, 
2001 and entitled "OPTICAL MODULE WITH SOLDER BOND", 
and application Serial No. 09/789,317, filed February 
10 20, 2001 and entitled "OPTICAL ALIGNMENT SYSTEM". 

BACKGROUND OF THE INVENTION 
The present invention relates to optical 
components and optical devices fabricated from such 
components. More specifically, the present invention 
15 relates to an optical device formed by a plurality of 
optical modules which carry optical, optical-electrical 
or optical-mechanic components. 

Optical devices are being increasingly used 
in various industries and technologies in order to 
20 provide high speed data transfer such as in fiber optic 
coirmunication equipment. In many applications there is 
a transition or an incorporation of optical devices 
where previously only electrical devices were employed. 
An optical device typically consists of a number of 
25 components which must be precisely assembled and 
aligned for the device to operate and function 
efficiently. Example components include fibers, 
waveguides, lasers, modulators, detectors, gratings, 



10 



15 



optical amplifiers, lenses, mirrors, prisms, windows. 



etc . 
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Historically, optical devices such as those 
used in fiber optic telecommunications, data storage 
and retrieval, optical inspection, etc. have had 
little commonality in packaging and assembly methods. 
This limits the applicability of automation equipment 
for automating the manufacture of these devices since 
there is such a disparity in the device designs. To 
affect high volume automated manufacturing of such 
legacy devices, parts of each individual 
manufacturing line have to be custom-designed. 

in contrast, industries such as printed 
circuit board m.anuf acturing and semiconductor 
manufacturing have both evolved to have common design 
rules and packaging methods. This allows the same 
piece of automation equipment to be applied to a 
multitude of designs. Using printed circuits as an 
example, diverse applications ranging from computer 
motherboards to cellular telephones may be designed 
from essentially the same set of fundamental building 
blocks. These building blocks include printed circuit 
boards, integrated circuit chips, discrete 
capacitors, and so forth. Furthermore, the same 
automation equipment, such as a pick and place 
machine, is adaptable to the assembly of each of 
these designs because they use coirunon components and 
design rules. 
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Additional complications arise in automated 
assembly of optical devices. Such assembly is 
complicated because of the precise mechanical 
alignment requirements of optical components. This 
adds to problems which arise due to design 
variations. These problems arise from the fact that 
many characteristics of optical components cannot be 
economically controlled to exacting tolerances. 
Examples of these properties include the fiber core 
concentricity with respect to the cladding, the 
location and orientation of the optical axis of a 
lens with respect to its outside mechanical 
dimensions, the back focal position of a lens, the 
spectral characteristics of a thin-film interference 
15 filter, etc. Even if the mechanical mounting of each 
optical element were such that each element was 
located in its exact theoretical design position, due 
to the tolerances listed above, the performance 
specifications of the optical device may not be met. 
20 TO appreciate the exacting alignment 

requirements of high performance optical devices, 
consider the simple example of aligning two single 
mode optical fibers. In this example, the following 
mechanical alignments are required to ensure adequate 
light coupling from one fiber to the other: the angle 
of the fibers with respect to each other, the fiber 
face angle, the transverse alignment (perpendicular 
to the light propagation direction) and the 
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longitudinal spacing (parallel to the light 
propagation direction) . 

Typical single mode optical fibers used in 
telecommunications for the 1.3 ym to 1.6 ym 
wavelength range have an effective core diameter of 
about 9 microns and an outside cladding dimension of 
125 microns. The typical tolerance for the 
concentricity of the core to the outside diameter of 
the cladding is 1 micron. If the outside claddings of 
the two fibers were perfectly aligned and there is no 
angular misalignment or longitudinal spacing, the 
cores may still be transversely misaligned by as much 
as 2 microns. This misalignment would give a 
theoretical coupling loss of about 14 percent or 0.65 
dB. This loss is unacceptable in many applications. 
It would be desirable to provide an optical device or 
a method of fabricating optical devices, which 
addresses some of the deficiencies of the prior art. 
SUMMARY OF THE INVENTION 
An optical device includes a fixed reference. A 
first optical module has a first optical component, 
prealigned with respect to a reference feature, the 
first optical module is mounted to a first 
predetermined location on the fixed reference 
second optical module has a second optical component 
prealigned with respect to a reference feature, the 
second optical module mounted to a second 
predetermined location on the fixed reference. 
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BP.IEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of an optical 
device in accordance with the present invention. 

Figure 2 is a flow chart showing steps in 
assembly of the optical device of Figure 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention includes various 
aspects that reduce or eliminate many of the problems 
associated with the prior art. The present invention 
offers an optical device fabricated from optical 
modules which are prealigned in standardized optical 
modules. Each optical module can be aligned with sub- 
micron precision with respect to a reference standard 
which provides a reference frame such as one defined 
with respect to registration features. A module is 
positioned at a predetermined location on a fixed 
reference, such as a substrate. The invention 
includes the recognition that techniques similar to 
mounting an electrical component in or on a printed 
circuit board can be used with optical components. 
Optical devices can be easily fabricated by mounting 
prealigned optical modules to the optical "circuit 
board". The prealignment of the optical module can 
compensate for variations between components to 
thereby essentially eliminate the effects of 
component variability. The prealigned optical modules 
are well suited for automated fabrication of devices. 
The modules can be fabricated m silicon using 
techniques which are well known in the art of silicon 
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processing. However, any appropriate material can be 
used. Preferable materials are those which are used 
with existing electrical or optical components. 
Further, the invention can be used with active 
optical devices such as lasers, modulators, 
detectors, etc. Electrical conductors can be 
fabricated on the various layers for coupling to 
active optical components. Electrical circuitry 
including analog and digital circuitry can also be 
fabricated directly on the modules or on the fixed 

reference mount. 

In one aspect, the present invention 
provides an optical device formed from at least two 
optical modules in which optical components are 
15 mounted to prealignment mounts. The optical component 
is prealigned to a reference standard at a desired 
position and orientation. The optical module is 
coupled to a fixed reference at a desired location 
such that the optical component is maintained at a 
desired position and orientation relative to the 
fixed reference. In this general configuration, the 
optical component can be prealigned relative to a 
desired spacial reference or orientation as defined 
by a reference standard and oriented by adjusting the 
optical component relative to the reference standard 
prior to fixing the component with the prealignment 
mount. This can be used to provide general component 
prealignment as well as compensate for the variations 
which can arise between optical components. 
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Figure 1 is a block diagram of an optical 
device 10 m accordance with the present invention. 
Optical device 10 includes optical modules 12A and 
12B coupled to a fixed reference 14. Figure 1 
illustrates the invention in terms of a block diagram 
and the present invention is not limited to any 
particular physical implementation. 

optical modules 12A and 12B each include 
optical components 16A and 16B which may be optical, 
optical-electrical, or optical-mechanical which are 
fixed to prealignment mounts 18A and 18B, 
respectively. Each optical component 16A and 16B is 
prealigned with a reference standard 20 prior to 
mounting onto fixed reference 14. 

Reference standard 20 is shown as a block 
and is intended to illustrate the concept of a 
standardized reference frame and is not limited to a 
single physical implementation. The standard 20 may 
comprise different physical implementations for 
different types of optical components. However, in 
general, when an optical component is prealigned in 
accordance with the reference standard 20, that 
optical component is aligned such that it will 
properly optically interact, in a desired manner, 
with another optical component which has also been 
prealigned to the same standardized reference frame 
when those two optical components are placed at 
predetermined locations m fixed reference 14. The 
reference standard provides a reference frame through 
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which optical components can be prealigned such that 
they can optically interact m a desired manner once 
mounted in the fixed reference. The prealignment can 
be any type of alignment using any alignment 
technique. The prealignment of the optical components 
16A and 16B to reference standard 20 can occur at a 
remote location and/or at a different time from the 
assembly of optical modules 12A and 12B to fixed 

reference 14. 

The prealignment of the optical component 

16A and 16B to reference standard 20 is through 

adjustment of the optical components 16A and 16B in 

prealignment mounts 18A and 18B. In the embodiment 

shown, prior to mounting the optical component 

16A,16B to the prealignment mount 18A,B, the optical 

component 16A,B is allowed six degrees of freedom 

during the prealignment process. However, the number 

of degrees of freedom can be any number 1-6. Once the 

prealignment has been performed, the optical 

component 12 is fixedly coupled to the respective 

prealignment mount ISA or 18B using any appropriate 

mounting technique. If desired, in one embodiment an 

optical component can be subsequently realigned. 

After the optical components 16A, 16B are 

prealigned in the prealignment mounts 18A, 18B, the 

optical modules 12A and 12B are mounted to the fixed 

reference. The mounting is at predetermined locations 

30A and 30B. Predetermined locations 30A and SOB are 

positioned such that the optical components 16A and 
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16B, having been prealigned to the reference standard 
20, will be aligned m a manner such that one optical 
component can optically interact with the other 
optical component. Predetermined locations 30A and 
5 30B can comprise registration features on fixed 
reference 14. The registration features 30A and 30B 
are also prealigned such that when an optical module 
16A,B is placed at predetermined locations 30A,B it 
will be aligned in manner such that it will properly 
10 interact with the other optical component. 

In one aspect, prealignment mount couplings 
40A, 40B couple respective optical components to 
prealignment mounts 18A,B to fix the alignment of 
optical components 16A,B relative to reference 
15 standard 20. Similarly, fixed reference couplings 
42A,B couple prealignment mounts 18A,B to the fixed 
reference 14. In one example, fixed reference 
couplings comprise registration features on mounts 
18A,B that mate with registration features on fixed 

20 reference 14. 

Figure 2 is a flow chart 100 showing steps 
in assembly of an optical device in accordance with 
the invention. Flow chart 100 begins at start block 
102 and control is passed to block 104. At block 104, 
25 a first optical component in a first optical module 
is prealigned to a reference standard. At block 106, 
a second optical component in a second optical module 
IS prealigned to the reference standard. The modules 
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are fixed relative the prealignment mounts which they 

are in alignment. 

At block 108, the first and second 
prealigned optical modules are mounted at 
predetermined locations on a fixed reference. As 
discussed above, the predetermined locations are such 
that the optical components, being prealigned, are 
positioned such that at least one of the optical 
components can optically interact with the other 
optical component. The procedure terminates at block 
110. 

Of course, the steps do not need to be 
carried out in the precise sequence shown in Figure 
2, however, the optical components should be 
prealigned prior to mounting onto the fixed 
reference. Although Figures 1 and 2 only show two 
optical modules, any number of additional optical 
modules can be used for fabricating more complex 
devices. Additionally, the optical modules can carry 
electrical circuitry (i.e., active components) which 
can be used in forming an optical device. The 
following references set forth example specific 
im.plementations and example aspects of the present 
invention: application Serial No. 09/789,125, fried 
February 20, 2001, entitled OPTICAL MODULE; 
application Serial No. 09/789,185, filed February 20, 
2001, entitled OPTICAL MODULE WITH SOLDER BOND; 
application Serial No. 09/789,124, filed February 20, 
2001, entitled OPTICAL DEVICE; application Serial No. 
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09/789,317, filed February 20, 2001, entitled OPTICAL 
ALIGNMENT SYSTEM; application Serial No. 60/276,323, 
filed March 16, 2001, entitled OPTICAL CIRCUIT PICK 
AND PLACE MACHINE; application Serial No. 60/276,335, 
filed March 16, 2001, entitled OPTICAL CIRCUITS WITH 
ELECTRICAL SIGNAL ROUTING; application Serial No. 
60/276,336, filed March 16, 2001, entitled OPTICAL 
CIRCUITS WITH THERMAL MANAGEMENT; and application 
Serial No. 60/288,169, filed May 2, 2001, entitled 
OPTICAL CIRCUIT PICK AND PLACE MACHINE. The present 
invention is not limited to these specific examples 
and implementations and, when interpreting the 
following claims, the invention is intended to cover 
the broad aspects set forth in Figures 1 and 2 . 
15 Unless language is specifically stated in the claims 
to the contrary, the claims should not be interpreted 
in a manner which is narrower than these block 
diagram implementations. 

With the present invention, common design 
20 rules, packages and packaging methods can be used 
with the standard reference frame to assist in 
automated assembly of optical devices. Those skilled 
in the art will recognize that the same automation 
equipment can be used to assemble a wide variety of 
devices and handle optical modules containing a wide 
variety of optical and/or electrical components. In 
addition to providing a prealigned optical component, 
the prealignment can be used to remove or compensate 
for variations in those optical characteristics which 
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are functions of a component's orientation. For 
example, the misalignment between fibers due to fiber 
variation described in the Background section is 
compensated by the prealignment process and does not 
limit device efficiency when the modules are 
ultimately mounted in the fixed reference. 

Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that 
changes may be made in form and detail without 
departing from the spirit and scope of the invention, 
in one aspect, the prealignment can be performed in 
less than all six degrees of freedom. Alignment in 
one or more of the remaining degrees of freedom can 
be performed in-situ, i.e., while a prealigned module 
is placed, or in the process of being placed, in the 
fixed reference. In one aspect. Figure 2 comprises 
computer software configured to implement the method, 
for example, in an automated assembly machine. An 
optical device of the invention can comprise any 
number of optical modules and the invention is not 
limited to the numbers illustrated herein. 



